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 ,QWURGXFWLRQ
1RZDGD\VDZLGHUDQJHRIWKHUPDOFXWWLQJWHFKQLTXHVKDVEHHQDSSOLHGIRUVKDSLQJPDWHULDOVLQGLIIHUHQWILHOGV
RI PHFKDQLFDO HQJLQHHULQJ VKLSEXLOGLQJ DQG SURFHVV WHFKQRORJ\ 3ODVPD DUF FXWWLQJ 3$& LV D YHU\ LPSRUWDQW
WKHUPDOFXWWLQJSURFHVVDQGKDVEHHQXVHGVXFFHVVIXOO\LQWKHFXWWLQJRIVWDLQOHVVVWHHOKLJKKDUGQHVVPHWDOVKLJK
PHOWLQJSRLQWPHWDOVDQGRWKHUGLIILFXOWWRPDFKLQH DOOR\V :LOOHWW  ,DQ  ,QWKLVFXWWLQJSURFHVVDQLQHUW
JDVLVEORZQZLWKKLJKVSHHGRXWRIDQR]]OHDWWKHVDPHWLPHDQHOHFWULFDODUFLVIRUPHGWKURXJKWKDWJDVIURPWKH
QR]]OHWRWKHVXUIDFHEHLQJFXWWXUQLQJVRPHRIWKDWJDVWRWKHSODVPD7KHSODVPDPHOWVWKHPDWHULDOEHLQJFXWDQG
VZLIWO\ PRYHV EORZLQJ PROWHQ PHWDO DZD\ IURP WKH FXWWLQJ ]RQH 9DVLO¶HY  3ODVPD DUF FXUUHQW WRUFK
JHRPHWU\JDVW\SHIORZUDWHDQGFXWWLQJVSHHGIDFWRUVKDYH LPSRUWDQWHIIHFWV RQWKHFXWWLQJTXDOLW\,WLVSRVVLEOHWR
ILQGPXOWLSOHVWXGLHVRIWKHLQIOXHQFHRISODVPDFXWWLQJSDUDPHWHUVRQPDFKLQDELOLW\7KHIRFXVRQWKLVSDSHULVWR
REWDLQ DQ RSWLPXP FRQGLWLRQ VHWWLQJ WR REWDLQ PD[LPXP 055 DQG PLQLPXP VXUIDFH URXJKQHVV )URP WKH
HFRQRPLFSRLQWRIYLHZLWLVREYLRXVWKDWPDWHULDOUHPRYDOUDWHVKRXOGEHWKHPD[LPXPLQDQ\LQGXVWULDOSXUSRVH
$OVR VXUIDFH URXJKQHVV SOD\V DQ LPSRUWDQW UROH LQ GHWHUPLQLQJ KRZ D UHDO REMHFWLYH ZLOO LQWHUDFW ZLWK LWV
HQYLURQPHQW ,WKDVODUJHLPSDFWRQWKHPHFKDQLFDOSURSHUWLHVOLNHIDWLJXHEHKDYLRUFRUURVLRQUHVLVWDQFHFUHHSOLIH
HWF ,W DOVR DIIHFWV RWKHU IXQFWLRQDO DWWULEXWHV RI PDFKLQH FRPSRQHQWV OLNH IULFWLRQ ZHDU OLJKW UHIOHFWLRQ KHDW
WUDQVPLVVLRQOXEULFDWLRQHOHFWULFDOFRQGXFWLYLW\HWF
7KHUH DUH PDQ\ UHVHDUFKHUV ZKR KDYH VWXGLHG 3$& SURFHVV LQ PDQ\ DVSHFWV %KXYHQHVK HW DO  KDYH
RSWLPL]HGWKHSURFHVVSDUDPHWHUVQDPHO\DLUSUHVVXUHFXWWLQJFXUUHQWFXWWLQJVSHHGDQGDUFJDSZLWKFRQVLGHUDWLRQ
RIPXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFV LQFOXGLQJ055DQGVXUIDFHURXJKQHVVXVLQJ7DJXFKL WHFKQLTXH LQSODVPD
DUFFXWWLQJRI$,6,VWHHO 0RDUUHI]DGHK KDVLQYHVWLJDWHGWKHWKHUPDOHIIHFWRISODVPDDUFFXWWLQJZKLFK
GHSHQGV RQ WKH SODVPD JDV W\SH DQG WHPSHUDWXUH ILHOG RI LW LQZRUN SLHFH DQG VLPXODWHG WKH SURFHVV SDUDPHWHUV
XVLQJ$16<6$OVR LW FDQEHRSWLPL]HG WKHSURFHVVSDUDPHWHUV,VPDLO DQG 7DKD  KDYH HPSOR\HG 7DJXFKL
PHWKRG WR RSWLPL]H WKH PDFKLQLQJ SURFHVV SDUDPHWHUV LQ WKH SODVPD DUF VXUIDFH KDUGHQLQJ $66$% DQG
$66$%')VWHHO FRQVLGHULQJ DUFFXUUHQWVFDQQLQJYHORFLW\DQGFDUERQFRQWHQWRIVWHHODVWKHSURFHVVSDUDPHWHUV
&KHQ HW DO  KDYH RSWLPL]HG WKH SODVPD DUF FXWWLQJ SURFHVV WLS VL]H IHHG UDWH YROWDJH DQG FXUUHQW ZLWK
PXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFVYL]EHYHOPDJQLWXGHDQG VPDOOHVWGLDPHWHUGHYLDWLRQRIWKHKROH XVLQJ7DJXFKL
WHFKQLTXH 2]HN HW DO  KDYH VXFFHVVIXOO\ DSSOLHG IX]]\ DOJRULWKP IRU SUHGLFWLRQ RI VXUIDFH URXJKQHVV LQ
3$&$,6, VWHHO 6DORQLWLV DQG 9DWRXVLDQRV  KDYH VWXGLHG WKH LQIOXHQFH RIPDFKLQLQJSDUDPHWHUV YL]
FXWWLQJVSHHGFXWWLQJFXUUHQWSODVPDJDVSUHVVXUHDQGWRUFKKHLJKWRQWKHVXUIDFHURXJKQHVVKHDWHIIHFWHG]RQHDQG
FRQLFLW\ RI WKH FXW JHRPHWU\ LQ SODVPD DUF FXWWLQJ RI 6 PLOG VWHHO DQG DOVR GHYHORSHG D UHJUHVVLRQ PRGHO
5DGRYDQRYLF HW DO  KDYH GHYHORSHG DQ DUWLILFLDO QHXUDO QHWZRUN $11PRGHO XVLQJ FXWWLQJ FXUUHQW SODWH
WKLFNQHVV DQG FXWWLQJ VSHHG DV WKUHH LQSXW QHXURQV WR SUHGLFW WKH RXWSXW QHXURQVXUIDFH URXJKQHVV5] YDOXHV IRU
3$& RSHUDWLRQRI VWDLQOHVVVWHHODOXPLQXPDQGQLFNHO%DKUDP KDV RSWLPL]HGDUFFXUUHQWFXWWLQJVSHHGDQG
WRUFKKHLJKWZLWKFRQVLGHULQJSHUIRUPDQFHFKDUDFWHULVWLFVLQFOXGLQJIODWQHVVFOHDQFXWDQGEHYHODQJOHXVLQJ560LQ
DXWRPDWHGSODVPDFXWWLQJSURFHVVRI VWDLQOHVV VWHHO VKHHWPHWDO DQG DOVRYDOLGDWLRQ LV SHUIRUPHGRQ WKHRSWLPXP
VHWWLQJ <DQJ KDV PD[LPL]HG GHSWK RI WKH KDUGHQHG ]RQH LQ VWHHO VSHFLPHQV LV VLJQLILFDQW ZLWK WKH
RSWLPL]DWLRQRISODVPDDUFFXWWLQJSURFHVV
0RUHRYHU DQ H[WHQVLYH UHYLHZ RI OLWHUDWXUH RQ URXJKQHVV VWXGLHV RI 3$& VXUIDFHV UHYHDOV WKH IDFW WKDW WKH
FHQWUHOLQHDYHUDJHURXJKQHVV5D KDVEHHQWKHIRFXVRIPRVWRIWKHLQYHVWLJDWLRQV+RZHYHU DVXUIDFHJHQHUDWHGE\
PDFKLQLQJLVFRPSRVHGRIDODUJH QXPEHURIOHQJWKVFDOHV RIVXSHULPSRVHGURXJKQHVV 6DKRR DQG JHQHUDOO\
FKDUDFWHUL]HG E\ WKUHH GLIIHUHQW W\SHV RI SDUDPHWHUV YL] DPSOLWXGH SDUDPHWHUV VSDFLQJ SDUDPHWHUV DQG K\EULG
SDUDPHWHUV $PSOLWXGH SDUDPHWHUV DUH WKH PHDVXUHV RI WKH YHUWLFDO FKDUDFWHULVWLFV RI WKH VXUIDFH GHYLDWLRQV DQG
H[DPSOHVRI VXFKSDUDPHWHUV DUH FHQWUH OLQH DYHUDJH URXJKQHVV URRWPHDQ VTXDUH URXJKQHVV VNHZQHVV NXUWRVLV
SHDNWRYDOOH\ KHLJKW HWF 6SDFLQJ SDUDPHWHUV DUH WKH PHDVXUHV RI WKH KRUL]RQWDO FKDUDFWHULVWLFV RI WKH VXUIDFH
GHYLDWLRQVDQGH[DPSOHVRI VXFKSDUDPHWHUVDUHPHDQ OLQHSHDNVSDFLQJ KLJKVSRW FRXQWSHDNFRXQW HWF2Q WKH
RWKHU KDQG K\EULG SDUDPHWHUV DUH D FRPELQDWLRQ RI ERWK WKH YHUWLFDO DQG KRUL]RQWDO FKDUDFWHULVWLFV RI VXUIDFH
GHYLDWLRQVDQG H[DPSOHRIVXFKSDUDPHWHUVDUHURRWPHDQVTXDUHVORSH RISURILOHURRWPHDQVTXDUHZDYHOHQJWKFRUH
URXJKQHVVGHSWK UHGXFHG SHDN KHLJKW YDOOH\ GHSWK SHDN DUHD YDOOH\ DUHD HWF 7KXV FRQVLGHUDWLRQ RI RQO\ RQH
SDUDPHWHU OLNHFHQWUH OLQHDYHUDJH URXJKQHVV LVQRWVXIILFLHQW WR GHVFULEH WKHVXUIDFHTXDOLW\ WKRXJK LW LV WKHPRVW
FRPPRQO\ XVHG URXJKQHVV SDUDPHWHU 7KH SUHVHQW VWXG\ DLPV DW FRQVLGHUDWLRQ RI ILYH GLIIHUHQW URXJKQHVV
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SDUDPHWHUVYL]FHQWUHOLQHDYHUDJHURXJKQHVV5DURRW PHDQVTXDUHURXJKQHVV5TVNHZQHVV5VNNXUWRVLV5NX
DQGPHDQOLQH SHDNVSDFLQJ 5VPIRUWKHVXUIDFHWH[WXUHJHQHUDWHGLQ 3$& RI (1VWHHO
7KHREMHFWLYHVRI WKLVVWXG\DUH WRGHWHUPLQH WKHHIIHFWV DQGRSWLPL]DWLRQ RI WKUHH SURFHVVSDUDPHWHUV YL] JDV
SUHVVXUHDUFFXUUHQWDQGWRUFKKHLJKW RQ PDWHULDOUHPRYDOUDWHDQG VXUIDFHURXJKQHVVFKDUDFWHULVWLFVLQ3$&RI(1
VWHHOXVLQJJUH\UHODWLRQDODQDO\VLVFRXSOHGZLWK7DJXFKLPHWKRG $QDO\VLVRIYDULDQFH $129$LVSHUIRUPHG
WR JHW SHUFHQWDJH RI FRQWULEXWLRQ RI HDFK SDUDPHWHU RQ WKH SHUIRUPDQFH FKDUDFWHULVWLFV &RQILUPDWLRQ WHVWLV
FRQGXFWHGWRFKHFNWKH YDOLGLW\ RIRSWLPDOSURFHVVSDUDPHWHUV' VXUIDFHSORWVDUH JHQHUDWHGWRVWXG\ WKHHIIHFWV RI
LQSXWSDUDPHWHUVRQUHVSRQVHV6XUIDFHPRUSKRORJ\LV DOVR VWXGLHGZLWKWKHKHOSRI6(0LPDJHV
 ([SHULPHQWDOSURFHGXUH
 ([SHULPHQWDOVHWXS
([SHULPHQWVDUHFRQGXFWHGRQWKH&1&SODVPDDUFFXWWLQJ(339DQG+]ZLWK377RUFK
VXSSOLHG E\ (6$% $LU LV XVHG IRU WKH FXWWLQJ JDV ZKHQ VSHFLDO HOHFWURGHV PDGH IURP ZDWHUFRROHG FRSSHU
ZLWKLQVHUWV RI PHWDOV VXFK DV KDIQLXP DUH XVHG 0HFKDQL]HG WRUFKHV FDQ EH PRXQWHG RQ D FRPSXWHUFRQWUROOHG
FXWWLQJPDFKLQH8VXDOO\DVWDQGRIILVPDLQWDLQHGEHWZHHQWKHWRUFKWLSDQGZRUNSLHFHIRUEHVWFXWTXDOLW\ ,QWKLV
VWXG\WKHH[SHULPHQWDOSODQKDVWKUHHFRQWUROODEOHYDULDEOHVQDPHO\JDVSUHVVXUHDUFFXUUHQWDQGWRUFKKHLJKW 7KH
UHVSRQVH YDULDEOHV FRQVLGHUHG LQ WKH SUHVHQW VWXG\ DUH PDWHULDO UHPRYDO UDWH 055 DQG VXUIDFH URXJKQHVV
FKDUDFWHULVWLFV 5D5T5VN5NX DQG5VP055LVH[SUHVVHGDVWKHUDWLRRIZHLJKWGLIIHUHQFHRIWKHZRUNSLHFHEHIRUH
DQGDIWHUPDFKLQLQJWRWKHPDFKLQLQJWLPHDQGLQWKHSUHVHQWVWXG\LWLVPHDVXUHGE\ZHLJKWORVVRIWKHPDWHULDODQG
H[SUHVVHGE\ JPVHF5RXJKQHVVPHDVXUHPHQW LV GRQH XVLQJ D VW\OXVW\SHSURILORPHWHU 7DO\VXUI 7D\ORU+REVRQ
6XUWURQLF ,Q WKH PDFKLQLQJ SDUDPHWHU GHVLJQ WKUHH OHYHOV ZLWK HTXDO VSDFLQJ RI WKH FXWWLQJ SDUDPHWHUV DUH
VHOHFWHGDVVKRZQLQ7DEOH
7DEOH'HVLJQIDFWRUVDQGWKHLUOHYHOV
'HVLJQIDFWRUV 8QLW 1RWDWLRQ
/HYHOV
  
*DVSUHVVXUH EDU $   
$UFFXUUHQW DPS %   
7RUFKKHLJKW PP &   
 6HOHFWLRQRIZRUNSLHFHPDWHULDO
5HFWDQJXODUEORFNRIPP;PPDQGPPKHLJKWPDGHRI(1VWHHOZKLFKLVDKLJKFDUERQDOOR\VWHHO
ZLWKKLJKGHJUHHRIKDUGQHVVFRPSUHVVLYHVWUHQJWKDQGDEUDVLRQUHVLVWDQFHLVVHOHFWHGDVZRUNSLHFH,WLVSRSXODUO\
XVHGLQDXWRPRWLYHW\SHDSSOLFDWLRQVOLNHD[OHEHDULQJVVSLQGOHEHDGLQJUROOVSXQFKHVDQGGLHVHWF7KHWHQVLOHWHVW
KDVEHHQGRQHDWURRPWHPSHUDWXUHE\XVLQJD870,QVWURQZLWK.1JULSFDSDFLW\DQGFRQWUROOHU LQ
GLVSODFHPHQW FRQWUROOHG PRGH 7KH WHVW LV FRQWUROOHG IURP FRPPDQG FRPSXWHU XVLQJ µ%OXH +LOO¶ VRIWZDUH
0HFKDQLFDODQGFKHPLFDOSURSHUWLHVRI (1VWHHODUHVKRZQLQ7DEOH
7DEOH0HFKDQLFDO DQGFKHPLFDO SURSHUWLHVRI(1VWHHO
:RUNSLHFHPDWHULDO 0HFKDQLFDOSURSHUW\ &KHPLFDOFRPSRVLWLRQZW
(1WRRO VWHHO
0RGXOXVRI(ODVWLFLW\*3D<LHOG6WUHQJWK
6WUDLQ2IIVHW03D8OWLPDWH7HQVLOH6WUHQJWK
0SDDQG3RLVVRQ¶V5DWLR
&0Q6L3
6&UDQG)H
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 'HVLJQRIH[SHULPHQW'2(
'HVLJQ RI H[SHULPHQWV '2( WHFKQLTXH LV XVHG WR REWDLQ DQG RUJDQL]H WKH PD[LPXP DPRXQW RI FRQFOXVLYH
LQIRUPDWLRQ IURP WKHPLQLPXP DPRXQW RI H[SHULPHQWDO UXQ WLPH HQHUJ\PRQH\ RU RWKHU OLPLWHG UHVRXUFH %\
DSSO\LQJ WKLV WHFKQLTXH LW LV SRVVLEOH WR UHGXFH WKH UHTXLUHG WLPH DQG QXPEHU RI H[SHULPHQWV VLJQLILFDQWO\ IRU
H[SHULPHQWDO LQYHVWLJDWLRQV ,Q7DJXFKLPHWKRG DQ RUWKRJRQDO DUUD\ 2$ LV HPSOR\HG WR UHGXFH WKH QXPEHU RI
H[SHULPHQWV IRUGHWHUPLQLQJ WKHRSWLPDOPDFKLQLQJSURFHVVSDUDPHWHUV$Q2$UHTXLUHV WKHPLQLPXPQXPEHURI
H[SHULPHQWDO WULDOV WR GHWHUPLQH WKHPDLQ HIIHFW DV ZHOO DV LQWHUDFWLRQ HIIHFWV RI SDUDPHWHUV VLPXOWDQHRXVO\ 7KH
FKRLFHRIDVXLWDEOH2$GHVLJQGHSHQGVRQWKHWRWDOGHJUHHVRIIUHHGRP'2)UHTXLUHGIRUVWXG\LQJWKHPDLQDQG
LQWHUDFWLRQHIIHFWV'2)UHIHUVWRWKHQXPEHURIIDLUDQGLQGHSHQGHQWFRPSDULVRQVWKDWFDQEHPDGHIURPDVHWRI
REVHUYDWLRQV,QSUHVHQWVWXG\WRFKHFNWKH'2)VLQWKHH[SHULPHQWDOGHVLJQIRUWKHWKUHHOHYHOWHVWWKHWKUHHPDLQ
IDFWRUVWDNH>; í@'2)V7KH'2)IRUWKUHHVHFRQGRUGHULQWHUDFWLRQV$;%$;&%;&LV>;
í;í@DQGWKHWRWDO'2)VUHTXLUHGLV+HUHWKH/ 2$'2)VKDVEHHQVHOHFWHGEHFDXVHDV
SHU7DJXFKLPHWKRGWKHWRWDO'2)VRIVHOHFWHG2$PXVWEHJUHDWHU WKDQRUHTXDOWRWKHWRWDO'2)VUHTXLUHGIRUWKH
H[SHULPHQW
 5HVXOWDQGGLVFXVVLRQ
7KHH[SHULPHQWDOUHVXOWV IRU 055DQGVXUIDFHURXJKQHVV DUH LQFOXGHGLQ7DEOH6XUIDFHURXJKQHVVSDUDPHWHUV
DQG 055 DUH RSWLPL]HG LQ WKLV VWXG\ DQG WKLV LV D PXOWLUHVSRQVH RSWLPL]DWLRQ SUREOHP 7DJXFKL WHFKQLTXH
7DJXFKL  LV VXLWDEOH IRU VLQJOH UHVSRQVH RSWLPL]DWLRQ EXW RSWLPL]DWLRQ RI PXOWLSOH SHUIRUPDQFH
FKDUDFWHULVWLFV LV GLIIHUHQW IURP RI D VLQJOH SHUIRUPDQFH FKDUDFWHULVWLFV )RU PXOWLUHVSRQVH RSWLPL]DWLRQ JUH\
UHODWLRQDODQDO\VLV 'HQJ FRXSOHGZLWK7DJXFKLPHWKRGLVHPSOR\HG LQWKLVVWXG\
 *UH\DQDO\VLV
7KH H[SHULPHQWDO UHVXOWV REWDLQHG IURP 055DQG VXUIDFH URXJKQHVV WHVWV DUH SUHVHQWHG LQ7DEOH 7KH ILQDO
UHVSRQVH QHHGHG IRU SURFHVVLQJZLWK7DJXFKL DQDO\VLV LV WKH JUH\ UHODWLRQDO JUDGHZKLFK LV REWDLQHG WKURXJK WKH
IROORZLQJVHWRIFDOFXODWLRQV
 *UH\UHODWLRQDOJHQHUDWLRQ
7KHILUVWVWHSLQ JUH\UHODWLRQDODQDO\VLVLV WRSHUIRUPWKHJUH\UHODWLRQDOJHQHUDWLRQ LQZKLFKWKHUHVXOWVRIWKH
H[SHULPHQWVDUHQRUPDOL]HGLQWKHUDQJH RIWR )RUQRUPDOL]DWLRQRI055GDWD KLJKHUWKHEHWWHU+%FULWHULRQ
(T  DQG IRU VXUIDFH URXJKQHVV SDUDPHWHUV ORZHUWKHEHWWHU /% FULWHULRQ (T  DUH XVHG DV 055 LV WR EH
PD[LPL]HGDQGVXUIDFHURXJKQHVVLVWREHPLQLPL]HG
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ZKHUH [LN LV WKHYDOXHDIWHUJUH\UHODWLRQDOJHQHUDWLRQPLQ \LN LV WKHVPDOOHVWYDOXHRI \LN IRUWKH NWKUHVSRQVH
DQGPD[ \LN LVWKHODUJHVWYDOXHRI \LN IRUWKH NWK UHVSRQVH$QLGHDOVHTXHQFHLV [NN «« IRUWKH
UHVSRQVH7KH SURFHVVHG GDWD DIWHU JUH\ UHODWLRQDO JHQHUDWLRQ LV JLYHQ LQ 7DEOH  /DUJHU QRUPDOL]HG UHVXOWV
FRUUHVSRQGWRWKHEHWWHUSHUIRUPDQFHDQGWKHEHVWQRUPDOL]HGUHVXOWVKRXOGEHHTXDOWR
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*UH\UHODWLRQDOFRHIILFLHQWVDUHFDOFXODWHGWRH[SUHVVWKHUHODWLRQVKLSEHWZHHQWKHLGHDOEHVW DQGWKHDFWXDO
H[SHULPHQWDOUHVXOWV7KHJUH\UHODWLRQDOFRHIILFLHQW L 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ZKHUH L  __[N í[L N__ LVGLIIHUHQFHRIWKHDEVROXWHYDOXHEHWZHHQ [NDQG [LN PLQ DQG PD[ DUHUHVSHFWLYHO\
WKH PLQLPXP DQG PD[LPXP YDOXHV RI WKH DEVROXWH GLIIHUHQFHV  L RI DOO FRPSDULQJ VHTXHQFHV ȌLV D
GLVWLQJXLVKLQJFRHIILFLHQW   ȥWKHSXUSRVHRIZKLFKLVWRZHDNHQWKHHIIHFWRI PD[ ZKHQLWJHWVWRRELJDQG
WKXV HQODUJHV WKH GLIIHUHQFH VLJQLILFDQFH RI WKH UHODWLRQDO FRHIILFLHQW 7KH VXJJHVWHG YDOXH RI WKH GLVWLQJXLVKLQJ
FRHIILFLHQW Ȍ LV  GXH WR WKHPRGHUDWH GLVWLQJXLVKLQJ HIIHFWV DQG JRRG VWDELOLW\ RI RXWFRPHV7KHUHIRUH Ȍ LV
DGRSWHG DV  IRU IXUWKHU DQDO\VLV LQ WKH SUHVHQW VWXG\ 7KH JUH\ UHODWLRQ FRHIILFLHQW RI HDFK SHUIRUPDQFH
FKDUDFWHULVWLFLVVKRZQLQ7DEOH
 *UH\UHODWLRQDOJUDGH DQG JUH\UHODWLRQDORUGHULQJ
7KHJUH\UHODWLRQDOJUDGHLVWUHDWHGDVWKHRYHUDOOUHVSRQVHRIWKHSURFHVVLQVWHDGRIWKHPXOWLUHVSRQVHRI055
DQGVXUIDFHURXJKQHVV7KHJUH\UHODWLRQDOFRHIILFLHQWVDUHFDOFXODWHGIRUWKHH[SHULPHQWDOGDWDXVLQJ Ȍ 7KH
JUH\UHODWLRQDOJUDGH LJ LVREWDLQHGE\DYHUDJLQJWKHJUH\UHODWLRQDOFRHIILFLHQWDVIROORZV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ZKHUHQLVWKHQXPEHURISURFHVVUHVSRQVHV+LJKHUYDOXHRIJUH\UHODWLRQDOJUDGHLPSOLHVVWURQJHUUHODWLRQDOGHJUHH
EHWZHHQWKH LGHDOVHTXHQFH [N DQGWKHJLYHQVHTXHQFH [LN7DEOH VKRZVWKHH[SHULPHQWDOUHVXOWV IRUWKHJUH\
UHODWLRQDOJUDGHDQGWKHLURUGHUV7KXVPXOWLUHVSRQVHRSWLPL]DWLRQ SUREOHP FDQEHFRQYHUWHGLQWRVLQJOHUHVSRQVH
RSWLPL]DWLRQSUREOHP
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7DEOH *UH\UHODWLRQDODQDO\VLV
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1RUPDOL]HGRIH[SHULPHQWDOGDWD *UH\UHODWLRQDOFRHIILFLHQW
055 5D 5T 5VN 5NX 5VP 055 5D 5T 5VN 5NX 5VP
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7R FDSWXUH WKH YDULDELOLW\ RI WKH UHVXOWV VLJQDO WR QRLVH 61 UDWLR DQDO\VLV LV GRQH WDNLQJ WKH JUH\ UHODWLRQDO
JUDGHDVWKHSHUIRUPDQFHLQGH[$VJUH\UHODWLRQDOJUDGHLVWREHPD[LPL]HGWKH61UDWLRIRURYHUDOOJUH\UHODWLRQDO
JUDGHLVFDOFXODWHGXVLQJKLJKHUWKHEHWWHU+%FULWHULRQDQGLVJLYHQE\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ZKHUH \ LVWKHREVHUYHGGDWDDQG Q LVWKHQXPEHURIREVHUYDWLRQV
7KHUHVXOWVPD\EHH[SUHVVHG LQ WHUPVRIHLWKHU WKH61UDWLRRU WKH PHDQ7KHUHVSRQVH WDEOH IRU WKHPHDQRI
JUH\UHODWLRQDOJUDGHLVVKRZQLQ7DEOH7KHUHVSRQVHWDEOHFRPSDUHVWKHUHODWLYHPDJQLWXGHRIWKHHIIHFWVZKLFK
LQFOXGHVUDQNVEDVHGRQ'HOWDVWDWLVWLFV7KH'HOWDVWDWLVWLFLVWKHKLJKHVWDYHUDJHIRUHDFKIDFWRU PLQXVWKHORZHVW
DYHUDJHIRUWKHVDPH5DQNVDUHDVVLJQHGRQWKHEDVLVRI'HOWDYDOXHV
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7DEOH*UH\UHODWLRQDOJUDGHDQGWKHLURUGHU
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 )DFWRU HIIHFWV
)LJVKRZVWKHPDLQHIIHFWV SORW,QWKHPDLQHIIHFWVSORWLIWKHOLQHIRUDSDUWLFXODUSDUDPHWHULVQHDUKRUL]RQWDO
WKHQ WKH SDUDPHWHU KDV QR VLJQLILFDQW HIIHFW 2Q WKH RWKHU KDQG D SDUDPHWHU IRU ZKLFK WKH OLQH KDV WKH KLJKHVW
LQFOLQDWLRQZLOOKDYHWKHPRVWVLJQLILFDQWHIIHFW,W LVYHU\PXFKFOHDUIURPWKHPDLQHIIHFWVSORW WKDWSDUDPHWHU$
JDV SUHVVXUH LV WKH PRVW VLJQLILFDQW SDUDPHWHU ZKLOH % DUF FXUUHQW DOVR KDV D TXLWH VLJQLILFDQW HIIHFW RQ WKH
UHVSRQVH%XWSDUDPHWHU&WRUFKKHLJKWKDVDOPRVWQRHIIHFW6LQFHKLJKHUJUH\UHODWLRQDOJUDGHLQGLFDWHVWKDWWKH
V\VWHP WHQGV RSWLPDOLW\ WKH RSWLPDO FRQGLWLRQ IRU HDFK SDUDPHWHU LV WDNHQ DW WKRVH SRLQWV ZKHUH WKHPHDQ JUH\
UHODWLRQDO JUDGH LV IRXQG WR EH WKH PD[LPXP +HQFH WKH RSWLPDO SURFHVV SDUDPHWHU FRPELQDWLRQ IRU PD[LPXP
PDWHULDO UHPRYDO UDWH DQGPLQLPXP URXJKQHVV FKDUDFWHULVWLFV RI 3$& LV JLYHQ DV $%& PLGGOH OHYHO RI JDV
SUHVVXUHKLJKHVWOHYHORIDUFFXUUHQWDQGKLJKHVWOHYHORIWRUFKKHLJKW
)LJ0DLQHIIHFWVSORWIRUPHDQ RIJUH\UHODWLRQDOJUDGH
 (IIHFWRISURFHVVSDUDPHWHUVRQUHVSRQVHV
)LJ  VKRZVWKHHVWLPDWHGWKUHHGLPHQVLRQDOVXUIDFHDVZHOODVFRQWRXUSORWVIRU 055DQGURXJKQHVVSDUDPHWHUV
DVIXQFWLRQRIWKHLQGHSHQGHQWPDFKLQLQJSDUDPHWHUV,QDOOWKHVHILJXUHVRQHRIWKHWKUHHLQGHSHQGHQWYDULDEOHVLV
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KHOGFRQVWDQWDW FHQWUH OHYHO)LJ DE VKRZV WKDW 055 LQFUHDVHV ZLWKDQ LQFUHDVHRI JDVSUHVVXUHDQG055 LV
PLQLPXP DWFHQWUH OHYHORIDUFFXUUHQW+RZHYHUZLWK LQFUHDVH LQ WRUFKKHLJKW055 UHPDLQV FRQVWDQW $KLJKHU
SODVPD JDV IORZ UDWH OHDGV WR DQ LQFUHDVH LQ WKH PHDQ DUF YROWDJH DQG LWV IOXFWXDWLRQV 7KHUHIRUH PRUH KHDW LV
WUDQVIHUUHG LQWR WKHZRUN SLHFH RQ 055 LQFUHDVLQJ DQG FRQVHTXHQWO\ URXJKQHVVYDOXH UHGXFHV %KXYHQHVK HW DO
 ,W LV VHHQ IURP)LJ FGWKDW5D GHFUHDVHV ZLWK DQ LQFUHDVHRIJDVSUHVVXUHDQG WRUFKKHLJKW DQG5D LQFUHDVHV
)LJ 'VXUIDFH SORWV D 055ZLWKFXUUHQWDQGSUHVVXUHE055ZLWKWRUFKKHLJKWDQGSUHVVXUHF5D ZLWKWRUFKKHLJKWDQGFXUUHQWG5D ZLWK
WRUFKKHLJKWDQGSUHVVXUH
ZLWK LQFUHDVHRIDUFFXUUHQW0LQLPXP WRUFKKHLJKW UHVXOWV LQRYHUPHOWLQJRI WKHSURFHVVLQJDUHD WKDWFDQQRWEH
UHPRYHGDQGUHVROLGLILHV ZLWKLQ WKHFXWWLQJDUHD7KLVUHVROLGLILFDWLRQLVLQWKHIRUPRIVWULDWLRQVLQFUHDVLQJWKXVWKH
VXUIDFHURXJKQHVV$OVRVXUIDFHURXJKQHVVLQFUHDVHVDVWKHSODVPDDUFFXUUHQWLQFUHDVHV7KLVLVGXHWRWKHIDFWWKDW
DPRXQWRI WKH PROWHQPHWDOZKLFK FDQEH IODVKHG DZD\E\ WKH VKLHOGLQJ JDV LV FRQVWDQW7KHUHIRUH PRUHKHDW LV
WUDQVIHUUHGLQWRWKHVDPSOHKLJKHUSODVPDDUFFXUUHQWRFFXUVWKHVKLHOGLQJJDVLVLQFUHDVLQJO\XQDEOHWRFOHDUDZD\
WKHPROWHQPDWHULDODQGVRLWEXLOGVXS XSRQWKHVXUIDFHRIWKHSDUHQWPDWHULDO 2]HNHWDO 7KHYDULDWLRQVRI
RWKHUURXJKQHVVSDUDPHWHUVDUHVDPHDV5D WKRXJKIRUWKHEUHYLW\RIWKHSDSHUWKHSORWVDUHRPLWWHG
 $QDO\VLVRIYDULDQFH$129$
$129$ LV D VWDWLVWLFDO WHFKQLTXH WKDW FDQ LQIHU VRPH LPSRUWDQW FRQFOXVLRQV RQ WKH EDVLV RI DQDO\VLV RI WKH
H[SHULPHQWDO GDWD 7KHPHWKRG LV YHU\ XVHIXO IRU UHYHDOLQJ WKH OHYHO RI VLJQLILFDQFH RI LQIOXHQFH RI IDFWRUV RU
LQWHUDFWLRQRIIDFWRUVRQDSDUWLFXODUUHVSRQVH,QWKHSUHVHQWVWXG\$129$LVSHUIRUPHGXVLQJ0LQLWDE0LQLWDE
 7DEOH  VKRZV WKH $129$ UHVXOW IRU RYHUDOO JUH\ UHODWLRQDO JUDGH RI 055 DQG URXJKQHVV SDUDPHWHUV
$129$FDOFXODWLRQVDUHEDVHGRQWKH)UDWLRZKLFKLVWKHUDWLREHWZHHQWKHUHJUHVVLRQPHDQVTXDUHDQGWKHPHDQ
D E
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VTXDUH HUURU7KH)UDWLR DOVR FDOOHG WKH YDULDQFH UDWLR LV WKH UDWLR RI YDULDQFH GXH WR WKH HIIHFW RI D IDFWRU DQG
YDULDQFHGXHWRWKHHUURUWHUP7KLVUDWLRLVXVHGWRPHDVXUHWKHVLJQLILFDQFHRIWKHSDUDPHWHUVXQGHULQYHVWLJDWLRQ
ZLWK UHVSHFW WR WKH YDULDQFH RI DOO WKH WHUPV LQFOXGHG LQ WKH HUURU WHUPDW WKHGHVLUHG VLJQLILFDQFH OHYHO Į ,I WKH
FDOFXODWHGYDOXHRI)UDWLRLVKLJKHUWKDQLWVWDEXODWHG YDOXHWKHQWKHIDFWRULVVLJQLILFDQWDWWKHGHVLUHGĮOHYHO,Q
JHQHUDO ZKHQ WKH )YDOXH LQFUHDVHV WKH VLJQLILFDQFH RI WKH SDUDPHWHU DOVR LQFUHDVHV $129$ WDEOH VKRZV WKH
SHUFHQWDJHFRQWULEXWLRQRIHDFKSDUDPHWHU,WLVFOHDUIURPWKH $129$ WDEOHWKDWSDUDPHWHU $ JDVSUHVVXUHKDVJRW
WKHPRVWVLJQLILFDQWLQIOXHQFHRQ 055DQG URXJKQHVVZKLFKLVDERXWFRQWULEXWLRQ
7DEOH5HVXOWVRI$129$IRUJUH\UHODWLRQDOJUDGH
6RXUFHRIYDULDWLRQ 'HJUHHVRIIUHHGRP 6XPRIVTXDUH 0HDQVTXDUH )UDWLR &RQWULEXWLRQ
$     
%     
&     
$%     
$&     
%&     
(UURU   
7RWDO  
 &RQILUPDWLRQWHVW
$IWHU WKHRSWLPDO OHYHORISURFHVVSDUDPHWHUVKDVEHHQ IRXQGRXWDYHULILFDWLRQ WHVWQHHGV WREHFDUULHGRXW LQ
RUGHU WRFKHFN WKHDFFXUDF\RI WKHDQDO\VLV 7DEOH VKRZV WKHFRPSDULVRQRI WKHHVWLPDWHGJUH\ UHODWLRQDO JUDGH
ZLWKWKHDFWXDOJUH\UHODWLRQDOJUDGHREWDLQHGLQ WKH H[SHULPHQWXVLQJWKHRSWLPDOWHVWSDUDPHWHUV,WPD\EHQRWHG
WKDW WKHUH LV JRRG DJUHHPHQW EHWZHHQ WKH HVWLPDWHG DQG DFWXDO JUH\ UHODWLRQDO JUDGH 7KH LPSURYHPHQW RI JUH\
UHODWLRQDO JUDGH IURP LQLWLDO WR RSWLPDO FRQGLWLRQ LV  ZKLFK LV DERXW  LPSURYHPHQW IURP WKH LQLWLDO
FRQGLWLRQV
7DEOH5HVXOWVRIFRQILUPDWLRQWHVW
/HYHO ,QLWLDOSDUDPHWHUFRPELQDWLRQ 2SWLPDOSDUDPHWHU FRPELQDWLRQ
$%& $%&
3UHGLFWLRQ ([SHULPHQWDO
055  
5D  
5T  
5VN  
5NX  
5VP  
*UDGH   
,PSURYHPHQWRIJUH\UHODWLRQDOJUDGH 
 6XUIDFH PRUSKRORJ\VWXG\
7KH VXUIDFHPRUSKRORJ\ RI EHIRUH DQG DIWHUPDFKLQLQJ )LJ  LV VWXGLHGZLWK WKH KHOS RI VFDQQLQJ HOHFWURQ
PLFURVFRS\ 6(0%HIRUHPDFKLQLQJ WKHZRUNSLHFH VXUIDFH LVQHDUO\ VPRRWKDQG WKHUH LV QRJOREXODU VSRWDQG
DIWHUPDFKLQLQJWKHZRUNVXUIDFHEHFRPHV URXJKHUDQGFRQWDLQVSOHQW\RIJOREXOHVZKLFKDUHXQHYHQO\GLVWULEXWHG
GXH WR JUDLQ FRDUVHQLQJ QHDU WKH FXWWLQJ VXUIDFH DQG LW FDQ EH DWWULEXWHG WR WKH YHU\ KLJK WHPSHUDWXUHV DQG VORZ
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FRROLQJ,Q 3$&SURFHVVWKHPDWHULDOLVKHDWHGWRLWVPHOWLQJSRLQWDQG FRROHG LQWKHDLUDIWHUFXWWLQJ+LJKKHDWLQJ
DQGVORZFRROLQJFRXOGOHDGWRWHPSHUFRQGLWLRQV7KLVJUDLQFRDUVHQLQJZLOOGHFUHDVHWKHKDUGQHVVRIWKHPDFKLQHG
VXUIDFHDQGPDNHWKHVXUIDFHOHVVUHVLVWDQWWRWKHZHDURURWKHUHQYLURQPHQWDOFRQGLWLRQV
 &RQFOXVLRQ
7KLVSDSHU SUHVHQWV DQ LQYHVWLJDWLRQRQ WKHRSWLPL]DWLRQ DQG WKH HIIHFW RIPDFKLQLQJSDUDPHWHUV RQ055DQG
VXUIDFHURXJKQHVVFKDUDFWHULVWLFVLQSODVPDDUFFXWWLQJ3$& RI(1VWHHOXVLQJ7DJXFKL2$ZLWKJUH\UHODWLRQDO
DQDO\VLV 7KH RSWLPDO FRPELQDWLRQ RI SURFHVV SDUDPHWHUV LV REWDLQHG DV $%& PLGGOH OHYHO RI JDV SUHVVXUH
KLJKHVWOHYHORI DUFFXUUHQWDQGKLJKHVWOHYHORIWRUFKKHLJKW%DVHGRQ$129$WKHKLJKO\HIIHFWLYHSDUDPHWHUV LV
JDVSUHVVXUHZKHUHDVDUFFXUUHQWDQGWRUFKKHLJKWDUHOHVVHIIHFWLYHIDFWRUVZLWKLQWKHVSHFLILFWHVWUDQJH7RFKHFN
WKHYDOLGLW\RIWKHDQDO\VLVDFRQILUPDWLRQWHVWLVFDUULHGRXW7KHUHLVDQLPSURYHPHQWRIJUH\UHODWLRQDOJUDGHIURP
LQLWLDO WR RSWLPDO SURFHVV SDUDPHWHU E\ DERXW  7KUHH GLPHQVLRQDO FRQWRXU DQG VXUIDFH SORWV DUH VWXGLHG LQ
ZKLFK055 LV SURSRUWLRQDO WR JDV SUHVVXUH DQG VXUIDFH URXJKQHVV LV SURSRUWLRQDO WR DUF FXUUHQW)LQDOO\ VXUIDFH
PRUSKRORJ\RIWKHVXUIDFHVLV DOVRVWXGLHGXVLQJ6(0LPDJHV
)LJ6(0LPDJHV DEHIRUHPDFKLQLQJ EDIWHUPDFKLQLQJ
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